Introduction
Triphenylboron compounds have been produced as substituties for organotin compounds, such as tributyltin and triphenyltin, which have been prohibited to be used in Japan since 1990. 1 The major products of the compounds are triphenylboronyl complexes, such as pyridine-triphenylboron and triphenyl (octadecylamine) boron. The peroral toxicity of the pyridinetriphenylboron is 426 mg/kg (LD50, rat). Although the toxicity is weaker than tributyltin chloride (129 mg/kg) and triphenyltin chloride (190 mg/kg), 2 possible contamination of the aquatic environment by the compounds has been of concern because their major use is as a marine antifoulant, which has also been used in general environments. However, no basic information regarding the amounts of use and release has been available. Because of a lack of analytical methods concerning triphenylboron having sufficiently high sensitivity and selectivity, environmental monitoring or a survey of triphenylboron has not been conducted so far.
Triphenylboron is generally used in the form of pyridinyl or octadecylamine complex, because of an instability of the original form. Due to its nonvolatility and thermal instability, conventional analytical methods, such as GC and GC/MS, are difficult to apply for the analysis of triphenylboron in environmental samples. Only an HPLC method comprising UV detection for triphenylboron in environmental water samples has been reported. 3 However, the detection limit of the method was in the ppb range, which is too high to detect environmental chemicals. The Environment Agency, Japan, has adopted subppb concentration ranges as a criterion of the analytical methods for environmental surveys of chemical substances. 4 On the other hand, a liquid chromatography/mass spectrometry (LC/MS) has been expected to be a novel technique for the detection of non-volatile or thermally unstable chemicals. Several methods using LC/MS have been developed for the determination of non-volatile chemicals, such as nonionic polyethoxylate surfactants, 5, 6 zinc pyrithione 7 and polar pesticides, 8, 9 in water samples. In this paper, the authors propose an analytical method involving triphenylboron in water samples using LC/MS after extraction with an Empore TM C18 extraction disk, and also demonstrate practical applications of the method to detect triphenylboron in environmental water samples present in sub-ppb concentration ranges.
Experimental

Materials
All organic solvents were of HPLC grades, while other chemical reagents were of analytical grades.
Pyridinetriphenylboron, used as a standard material, was obtained from Hokko Chemical Ltd. (Tokyo, Japan). Empore TM C18 extraction disk was purchased from 3M (St. Paul, MN, USA). Ultrapure water was produced using a Milli-Q system (Millipore, Bedford, USA) in our laboratory.
Instruments
A liquid chromatograph-mass spectrometer equipped with an electrospray ionization (ESI) interface comprised an Alliance 2690 HPLC and a ZMD4000 mass spectrometer (Waters Associates, Milford, MA, USA). Liquid chromatography/mass spectrometry (LC/MS) has been applied to the analysis of triphenylboron, which has been produced as a substitute for organotin compounds, in water. Although commercial triphenylboron compounds are produced as pyridinyl complexes, the chemical form in water is supposed to be mainly triphenylboron after liberating pyridine. The triphenylborons were extracted from water with an Empore TM C18 extraction disk under acidic condition, and the extracts were introduced directly into a liquid chromatograph-mass spectrometer equipped with a negative ion electrospray ionization interface. Identification of the compounds was performed with specific ions produced from the triphenylboron, and a quantitative analysis was carried out using the peak areas. The average recoveries from distilled water, seawater and river water at 0.30 ng/ml were 92.3, 100 and 85.3%, respectively. A detection limit of 0.023 ng/ml for triphenylboron was achieved. 
Analytical procedure
Disk cartridge extraction with the Empore TM C18 was carried out following a procedure reported by the Environment Agency. 3 The extraction procedure and LC/MS analysis were as follows.
After adjusting the pH of sample water at 2 with 2 M HCl, 500 ml of the sample water was filtrated through the Empore TM C18 extraction disk, which was pre-conditioned by acetonitrile and ultrapure water. The extracted substances on the disk were eluted with 20 ml of acetonitrile, and the eluates were concentrated to 1 ml with a rotary evaporator. A 2 µl aliquot was injected into the liquid chromatograph-mass spectrometer. lists the LC/MS analytical conditions.
Results and Discussion
Ionization mode and SIM monitor ion
A pyridine-triphenylboron solution (100 µg/ml) was continuously introduced to the mass spectrometer equipped with an ESI interface at 2.0 ml/h using a syringe pump. The base peak responses of the mass spectra under both negative and positive modes were compared. Under the negative mode, a response count (3.74 × 10 5 ) ten-times higher than that of the positive mode (2.41 × 10 4 ) was obtained. Accordingly, the negative ion ESI mode was selected in the present study. Figure  1 shows the negative ion ESI mass spectra of pyridinetriphenylboron. The peak of m/z 268 was observed as a base peak, and the peak intensity ratio of m/z 268 to m/z 267 was consistent with the isotopic ratio of boron ( 11 B: 10 B = 4:1). Therefore, the ion of m/z 268 is considered to have originated from triphenylboron (242 amu) with the addition of CN -(26 amu). The ions of m/z 267 and 268 were selected as monitor ions in a determination using the SIM mode.
Effect of the cone voltage
The ion intensities in ESI spectra depend on the cone voltage of the interface. To obtain the maximum response, the cone voltage was optimized measuring the peak intensity of m/z 268. As shown in Fig. 2 , the maximum intensity was obtained at 30 V of the cone voltage.
Calibration curve and detection limit
Standard solutions of pyridine-triphenylboron containing 0.038 -3.8 µg/ml as triphenylboron were prepared, and analyzed by the LC/MS under the conditions listed in Table 1 . An example of the calibration curve is shown in Fig. 3 . The calibration curve with a satisfactory linear correlation of 0.9996 was obtained up to 3.8 µg/ml.
The instrument detection limit (IDL) was calculated from the results of replicate analyses of the lowest concentration calibration standard using the formula 10 IDL = t(n -1) × Sd where t(n-1) is the value for 95% one-side Student's distribution for n-1 degrees of freedom, n the number of replicates and Sd the standard deviation of replicate analyses. were 0.0059 µg/ml and 14.4%, respectively. IDL of 0.011 µg/ml was calculated, and corresponds to 0.023 ng/ml of triphenylboron in water.
Comparing the sensitivity of the present method to a previously reported HPLC-UV method (3.23 ng/ml), 2 the present LC/MS method is two orders of magnitude more sensitive than the previous method. Generally, it is reasonable that the detection limits of the methods for environmental chemicals are determined based on their chronic toxicity. Although acute toxicity of the triphenylboron compounds was reported, there is no information regarding the chronic toxicity. On the other hand, the Environment Agency, Japan, has adopted less than 0.1 ng/ml as the criterion for the detection limits for environmental chemicals. 4 Therefore, the LC/MS method is expected to provide highly sensitive detection and to be able to analyze sub-ppb levels of triphenylboron in water samples.
Recovery tests
In order to estimate the accuracy and precision of the present method in trace levels of the analyte, duplicate recovery tests were carried out.
After spiking 0.2 µg of pyridinetriphenylboron into 500 ml of distilled water (0.30 ng/ml as triphenylboron), the analytical procedures were performed as described above. Table 2 lists the results of the overall recovery tests. Recoveries, 84.9 and 99.5%, were satisfactory.
To confirm the applicability of the present method to real samples, seawater and river water samples collected from Kitakyushu area were analyzed. Duplicate recovery tests using the real samples were also carried out. The results are shown in Table 2 and Fig. 5 . The triphenylboron was not detected from raw samples. From spiked samples (triphenylboron at 0.30 ng/ml), 0.247 -0.307 ng/ml of triphenylboron, corresponding to more than 80% of the recoveries, which is the same degree from distilled water, were obtained. No interference peaks were observed on the chromatograms of the seawater and river water samples. In conclusion, it has been demonstrated that the present LC/MS method is sufficiently sensitive for triphenylboron analyses in environmental water samples present in the sub-ppb concentration range. Recovery, % 
